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F ' ' ON CHARACTER OF COMPOSITION V8. PROPERTY CURVES
OF METALLURGICAL SOLID SOLUTIONS
AT HIGH TEMPERATURES

- By A. M. Boridyka

(Translated from DOKLADY AKADEMII NAUK 888R, vol. €5, No. 4,
pages 505-507, 1949]

gynopstles.

Btudy of applicability of relation-
shipe establighed for atmospheric
temperature between chemical com-

" position and properties of so0lid
solution alloys to conditions
prevalling in high temperature
gervice.

Alloys studied: Fe-Ni; Fe-Cr-Ni,
8le0 Fe-Cr-Mn.  Properties studied:
Creep strength, hardness, oconduct-
ivity.- Conclueions to be drawn.

Pragtical application of the ailoyo distinguished
by their high strength at elevated temperatures, many of whioch ' %

belong to the class of solid solutions as regards their struo-

W | |

ture, requirén knowledgo of their mechanioal and phylioal
c ‘ . propertio- at the tenperature. to whioh ‘they are expo-ed in

service.
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However, systematic study of the properties of me;allio
80lid eolutions as & function of thelr chemical composition hase
until recently been more or less confined to the range of atmos-
pheric temperatures.

Extrapolation of such valuee into the range of high
temperétureé ie impossible. Quite apart from the sharp differ-
énoo between the numerical values of the various properties for
ardinary temperature and those for elevated temperatuiea, the very

character of the variation in these propertiees at high tempera-

tures as a function of the oomposition may differ profoundly

from the relationships established for ordinary temperatures.
B8%111l, the initiator of the composition-property dia-

grams, N. 8. Kurnakov ventured the hyﬁothecis that "by enalogy
to liquid solutilons, inoreaaed tempe;aturea arc bound to flatten
out the 1aotherma'or the pfopertiee and dipplace the minimum
point (on the electrical conductivity curve) in the direction
"of the component having the lower conductivity. Under the same
conditions, the maximum of the hardness will be shifted in the
direction of the harérr component of §he alloy." (1)'

| . For a long time, these statements were without confirma-
tion by experiment. To-aay, However,.it may be regaﬁded as
established tha; 1ncreaséd temperatures diminish the curvature
of the oomposition-property curves and produce a flattening
(ana eometlmeg, comple te digappearance) of the maximum or minimum
point, holding for atmospherio temperaturs.

To give an example, a set of igotherms of the eleotrical

!

Approved For RJeI,ease 20031 2/04@' CIAfRDP80-00926A002100060013-0




: Abprd\-/e"d I;or Reliaase' 2003/12/04 : CIA-RDP80-00926A002100060013-0 A
g .,' | | 3e |
conductivities (at temperatures ranging from O to 1000° C) 1ig
presented in Figure.; for the alloye of the binary system Fe-Ni,
which le known to form a structure of unirofm Y solid solution.
The flattening of the curves with increaeing temperature is still
nore pronouﬁced on the electrical conductivity curvee of the alloyé
of the kernary system Fe-Cr-Ni (cross section for 20% COr; ?1g. 2).
| When comparing the curves of Fipure 2 with those of
Figure 1, the differences in the curvature and the poslition of
the maximum, which latter ig absent emMirely from the 800° C
(1470 F) leotherm, are .apparent. This ~onfirms the faot that
the properties of ternary syaitems forming eolid'solutiona do
not alwaye vary according to the ruleg estatliehed for binary

syetems.(z),

It is nétural tOo ascume 1A% a flattening of the
composltion-property curves wit.. :noreaeiﬁg temperatures may
take place also in the case of i .- properties characterizing
high temperature strength of a metslltic alloy, reaning the
capacity to retain g gufficierni amcurt ¢f mechanical strength
at elevated temperatures.

The resulte of hardness de lerminations on alloys of
the Fe-Cr-N1 system (20% Cr croee sectlon) at temperatures
ranging from 20 to 700° C (68-1290° F) have been plotted in
Filgure 3 against the nickel content.

The gradual disappearance o’ the maximum from .the
curves, ae the temperature goes up, is evident. The teste
made at & temberature of 700° C (1290° F) give an almost
gtraight line.

¥

Approved For Reléase 2003/12/04 ; CIA-RDP80-00926A002100060013-0

-

.
»




e )

25X1

N R Cp
. _ B

- IYA’p.)provéd For Reléase 2003/12/04 : CIA-RDP80-00926A002100066013-0' . ko
—dm '
The basic property ih}ch governg the high tem-
perature strength of a metal or alloy 1s the creep resistance.
As has been eshown 1in an earlier paper by the author§4) the 1so0-
therme o% the "limiting creep stress", as a function of the
nickel content, for the same cross section of the ternary
eystem Fe-Cr-Ni1 also show a reotilingar character at tempera-
tures of 800 and ?700° G‘(1110 and 1290° F), analogously to the iso-
therms of Figure 3. A simllar ploture is offered by the i1sotherms
of creep for thé austenitioc alloys of the Fe-Cr-Mn gystem.
All of these facte congtitute proof that the classic
concept of the variation of the properties of solid solutions
as a fuhotion of their composition, which is true of atmospheric
and moderately high temperatures, does not apply to elevated

temperatures.
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